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(54)     Integrated packaging system for optical communications devices that provides automatic 

alignment with optical fibers 

(57) An integrated packaging system that compris- 

es an integral mechanical support, a printed circuit 

board and the optical communications device. The me- 

chanical support includes a first support element and a 

second support element. The first support element ex- 

tends at a non-zero angle from the second support ele- 

ment. The printed circuit board includes a first portion 

and a second portion in contact with the first support 

element and the second support element, respectively. 

The optical communications device is mechanically 

coupled to the first support element of the mechanical 

support and is electrically connected to the first portion 

of the printed circuit board. The integrated packaging 

system preferably provides automatic alignment be- 

tween the optical communications device and one or 

both of an optical element and an optical fiber. In this 

case, the first support element includes a device align- 

ment feature. The device alignment feature and the op- 

tical communications device have a defined positional 

relationship with respect to one another. Alternatively, 

the system may additionally comprise a cover assembly 

including a cover comprising a device alignment feature. 

The cover is mechanically coupled to the first support 

element in a position at which the device alignment fea- 

ture and the optical communications device have a pre- 

determined positional relationship with respect to one 

another. 
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Description 

Government Rights 

[0001]   The invention was made with United States s 

Government    support    under    Agreement No. 

MDA972-97-3-0008 awarded by DARPA. The United 

States Government has rights in the invention. 

Field of the Invention io 

[0002] The invention generally relates to packaging 

systems for optical communication devices, and, in par- 

ticular, to an integrated packaging system for packaging 

an optical communications device that provides auto- is 

matic alignment between the optical communications 

device and an optical fiber mounted in a fiber optic con- 

nector. 

Background of the Invention 20 

[0003] In typical optical fiber-based optical communi- 

cation systems, an optical communications device 

transmits optical signals to, or receives optical signals 

from, one or more optical fibers. The optical fibers are 25 

mounted in a fiber optic connector that positions the 

ends of the optical fibers in close proximity to the optical 

communications device. When transmitting, the optical 

communications device converts electrical signals into 

optical signals and transmits the optical signals into the 30 

optical fibers. When receiving, the optical communica- 

tions device receives the optical signals from the optical 

fibers and converts the optical signals into electrical sig- 

nals. 

[0004]   To transmit an optical signal to or to receive an 35 

optical signal from an optical fiber, the optical commu- 

nications device must be precisely positioned in three 

dimensions relative to the end of the optical fiber. If the 

element of the optical communications device that 

transmits or receives the optical signal is not precisely 40 

aligned with the core of the optical fiber, the quality of 

the optical communication can be significantly degrad- 

ed. However, the core of the optical fiber has cross-sec- 

tional dimensions in the order of a few microns to a few 

hundred microns so that precisely aligning the core of 45 

the optical fiber with respect to the optical communica- 

tions device can difficult. 

[0005] Although packages for optical communica- 

tions devices exist capable of aligning the optical com- 

munications device with optical fibers, such packages 50 

suffer from shortcomings: typically, conventional pack- 

ages are complex and are difficult to use to align the 

optical fibers with the optical communications device 

with the precision needed for optimum optical signal 

transfer between the optical fibers and the optical com- 55 

munications device. For example, many conventional 

optical communications device packages do not auto- 

matically align the optical fibers with the optical commu- 

nications device with the required precision. Therefore, 

additional steps are required to provide the required pre- 

cision. For example, the conventional device packages 

may bring the optical fibers within close proximity of the 

optical communications device. Then, the optical fibers 

have to be slightly repositioned to provide the required 

precision. Such repositioning can be difficult and expen- 

sive to perform. In addition, many conventional optical 

device packages are complex, and include a large 

number of components. The complexity of conventional 

optical communications device packages and their dif- 

ficulty of use significantly increases the cost of such 

packages. 

[0006] Thus, an unaddressed need exists in the in- 

dustry for a simple, low-cost packaging system for an 

optical communications device that provides an auto- 

matic alignment between the optical communications 

device and optical fibers mounted in an fiber optic con- 

nector. 

Summary of the Invention 

[0007] The invention overcomes the inadequacies of 

conventional packaging systems for optical communi- 

cations devices as will be described below. In general, 

the invention provides a simple and efficient integrated 

packaging system for an optical communication devices 

that provides an automatic alignment of the optical com- 

munications device and optical fibers secured in an op- 

tical fibre connector. 

[0008] " The invention provides an integrated packag- 

ing system for packaging an optical communications de- 

vice. The packaging system comprises an integral me- 

chanical support, a printed circuit board and the optical 

communications device. The integral mechanical sup- 

port includes a first support element and a second sup- 

port element. The first support element extends at a 

non-zero angle from the second support element. The 

printed circuit board includes a first portion and a second 

portion in contact with the first support element and the 

second support element, respectively. The optical com- 

munications device is mechanically coupled to the first 

support element of the mechanical support and is elec- 

trically connected to the first portion of the printed circuit 

board 

[0009] The integrated packaging system is preferably 

capable of providing automatic alignment between the 

optical communications device and one or both of an 

optical element and an optical fiber. To this end, the first 

support element may include a device alignment fea- 

ture. The device alignment feature and the optical com- 

munications device have a defined positional relation- 

ship with respect to one another. 

[0010] When structured to provide the automatic 

alignment between the optical communications device 

and the optical element, the packaging system addition- 

ally comprises a cover assembly that includes a cover 

and the optical element coupled to the cover. The cover 
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comprises a cover alignment feature shaped to engage 

with the device alignment feature. The optical element 

and the cover alignment feature have a defined posi- 

tional relationship with respect to one another corre- 

sponding to the defined positional relationship between s 

the optical communications device and the device align- 

ment feature. 

[0011] When structured to provide the automatic 

alignment between the optical communications device 

and the optical fiber, the packaging system additionally 

comprises a fiber optic connector that includes a con- 

nector body and the optical fiber coupled to the connec- 

tor body. The connector body comprises a connector 

alignment feature shaped to engage with the device 

alignment feature. The optical fiber and the connector 

alignment feature have a defined positional relationship 

with respect to one another corresponding to the defined 

positional relationship between the optical communica- 

tions device and the device alignment feature. 

[0012] The integrated packaging system may alterna- 

tively be structured to provide automatic alignment be- 

tween the optical communications device and one or 

both ol an optical element and an optical fiber by addi- 

tionally comprising a cover assembly including a cover 

comprising a device alignment feature. The cover is me- 

chanically coupled to the first support element in a po- 

sition at which the device alignment feature and the op- 

tical communications device have a predetermined po- 

sitional relationship with respect to one another. 

[0013] When structured to provide automatic align- 

ment between the optical communications device and 

the optical element, the cover assembly of this alterna- 

tive structure additionally includes the optical element 

coupled to the cover. The optical element and the device 

alignment feature have a defined positional relationship 

with respect to one another corresponding to the defined 

positional relationship between the optical communica- 

tions device and the device alignment feature. 

[0014] When structured to provide the automatic 

alignment between the optical communications device 

and the optical fiber, the alternative structure of the 

packaging system additionally comprises a fiber optic 

connector that includes a connector body and the optical 

fiber coupled to the connector body. The connector body 

comprises a connector alignment feature shaped to en- 

gage with the device alignment feature. The optical fiber 

and the connector alignment feature have a defined po- 

sitional relationship with respect to one another corre- 

sponding to the defined positional relationship between 

the optical communications device and the device align- 

ment feature. 

[0015] The invention provides many advantages, a 

few of which are described below as examples. 

[0016] An advantage of the invention is that the pack- 

aging system automatically and precisely aligns an op- 

tical fiber with the optical communications device 

mounted in the packaging system. 

[0017]   Another advantage of the invention is that an 

4 

integrated packaging system that precisely aligns an op- 

tical fiber with the optical communications device 

mounted in the packaging system can be easily manu- 

factured at a relatively low cost. 

[0018] Another advantage of the invention is that it us- 

es a single mechanical element to provide mechanical 

support, heat sinking, and/or a iow-impedance current 

path for the optica! communications device and/or elec- 

trical circuits included in the packaging system. 

[0019] Another advantage of the invention is that the 

integrated packaging system can be fabricated using 

relatively few components. 

[0020] Another advantage of the invention is that it us- 

es a printed circuit board to connect electrical signals to 

the optical communications device. 

[0021] Other features and advantages of the inven- 

tion will become apparent to one skilled in the art after 

reading the following detailed description in conjunction 

with the accompanying drawings. It is intended that all 

such features and advantages be included herein within 

the scope of the invention, as defined by the appended 

claims. 

Brief Description of the Drawings 

[0022] The invention can be better understood with 

reference to the following drawings. The elements of the 

drawings are not necessarily drawn to scale relative to 

each other. Instead, emphasis is placed upon clearly il- 

lustrating the invention. Like reference numerals desig- 

nate corresponding parts throughout the several views. 

[0023] Fig. 1A is an exploded isometric side view of 

an embodiment of an integrated packaging system for 

an optical communications device according to the in- 

vention. 

[0024] Fig. 1B is an isometric side view of the device 

package of the integrated packaging system according 

to the invention. 

[0025] Fig. 1C is a top view of the device package de- 

picted in Fig. 1B. 

[0026] Fig. 1D is a front view of the device package 

depicted in Fig. 1B. 

[0027] Fig. 1E is a back view of the device package 

depicted in Fig. 1B. 

[0028] Fig. 1F is a side view of the device package 

depicted in Fig. 1B installed on a printed circuit mother- 

board. 

[0029] Fig. 2A is an isometric side view of the cover 

assembly of the integrated packaging system according 

to the invention. 

[0030] Fig. 2B is an isometric side view of the cover 

assembly showing optical elements mounted in the win- 

dow of the cover. 

[0031]   Fig. 2C is an isometric side view of an alterna- 

tive embodiment of the cover assembly. 

[0032]   Fig. 3A is an isometric side view of the device 

package depicted in Fig. 1B fitted with the cover assem- 

bly depicted in Fig. 2B. 
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[0033] Fig. 3B is a top view of the arrangement de- 

picted in Fig. 3A. 

[0034] Fig. 3C is a cross-sectional view of the ar- 

rangement depicted in Fig. 3B. 

[0035] Fig. 4A is an isometric side view of the fiber 

optic connector of the integrated packaging system ac- 

cording to the invention. 

[0036] Fig. 4B is an isometric side view of the fiber 

optic connector depicted in Fig. 4A with a fiber optic rib- 

bon installed in the connector body. 

[0037] Fig. 5 is an isometric side view of the integrated 

packaging system according to the invention with the 

cover assembly shown in Fig. 2A installed on the device 

mounting and the fiber optic connector shown in Fig. 4B 

engaged with the cover assembly. 

[0038] Fig. 6A is an isometric side view of a housing 

in which the integrated packaging system shown in Fig. 

5 can be installed. 

[0039] Fig. 6B is an isometric side view of the housing 

depicted in Fig. 6A with the integrated packaging system 

shown in Fig. 5 installed in the housing. 

[0040] Fig. 7 is an isometric side view of the mechan- 

ical support forming part of the device package shown 

in Figs. 1B-1F. 

[0041]   Fig. 8A is a front view of part of the mechanical 

support in which a first alternative embodiment of the 

printed circuit board is mounted. 

[0042]   Fig. 8B is a front view of part of the mechanical 

support on which a second alternative embodiment of 

the printed circuit board is mounted. 

[0043]   Fig. 9 is an isometric side view of an alternative 

embodiment of the device package in which the flexible 

printed circuit is larger in area than the combined areas 

of the surfaces of the support elements constituting the 

mechanical support. 

Detailed Description of the Invention 

[0044] The invention provides an integrated packag- 

ing system for an optical communications device. The 

integrated packaging system automatically provides a 

precision alignment between the optical communica- 

tions device and an optical fiber mounted in a fiber optic 

connector. The optical fiber is typically part of a fiber op- 

tic ribbon cable or some other orderly arrangement of 

optical fibers mounted in the fiber optic connector. Fig. 

1A is an exploded isometric side view showing an ex- 

ample of the integrated packaging system 10 according 

to the invention. The main components ol the integrated 

packaging system are the device package 20 and the 

fiber optic connector 64. The device package is shown 

as including the device mounting 22 and the cover as- 

sembly 52. 

[0045] The device mounting 22 provides mechanical 

support for, and electrical connections to the optical 

communications device 32. The device mounting may 

additionally act as a heatsink for the optical communi- 

cations device. The optical communications device in- 

cludes an array of electro-optical elements such as la- 

sers, LEDs and photodiodes capable of transmitting or 

receiving optical signals. In its simplest form, the optical 

communications device includes a single electrooptical 

5 element. The device mounting may also accommodate 

additional electronic circuits that are directly or indirectly 

electrically connected to the optical communications de- 

vice. For example, such electronic circuits may drive a 

laser constituting one of the electro-optical elements of 

io the optical communications device, or may amplify the 

electrical signal generated by a photodiode constituting 

one of the electro-optical elements of the optical com- 

munications device. An exemplary electronic circuit is 

shown at 36. 

15 [0046] The device mounting may also include the 

electrical connector 44 that provides electrical connec- 

tions to the integrated packaging system 10. The elec- 

trical connector may also mechanically mount the inte- 

grated packaging system 10 on a printed circuit board, 

20  such as the mother board 47 shown in Fig. 1F. 

[0047] The device package 20 may also include the 

cover assembly 52 that covers the optical communica- 

tions device 32 to protect the optical communications 

device. The cover assembly is composed of the cover 

25 55 and the aligning members 61. The window 58 defined 

in the cover allows light to pass to and from the optical 

communications device. Further protection for the opti- 

cal communications device is provided by the light- 

transmitting element 59 mounted in or over the window. 

30 The light transmitting element may be a sheet of trans- 

parent material such as glass or plastic, or may include 

an array of optical elements, such as a micro-lens array 

or an array of optical fibers. In its simplest form, the array 

of optical elements is composed of a single optical ele- 

35 ment. The window 59, the light-transmitting element 59 

and the cover 55 may be integrated into a single element 

by fabricating the cover from a light-transmitting mate- 

rial. Fabricating the cover from a light-transmitting ma- 

terial enables the cover to protect the optical communi- 

40   cations device while allowing light to pass to and from 

the optical communications device. 

[0048]   The optical communications device 32 trans- 

mits optical signals to, or receives optical signals from, 

the fiber optic ribbon 71 mounted in the fiber optic con- 

45   nector 64. In its simplest form, the fiber optic ribbon may 

be composed of a single optical fiber. 

[0049]   The fiber optic ribbon 71 must be precisely 

aligned relative to the optical communications device 32 

to ensure the optimum transfer of optical signals be- 

so tween the fiber optic ribbon and the optical communica- 

tions device. The integrated packaging system 10 auto- 

matically aligns the fiber optic ribbon relative to the op- 

tical communications device with the required precision. 

To effect this alignment, in the embodiment shown, the 

55 device mounting 22 and the part of the cover assembly 

52 facing the device package include complementary 

alignment features, and the fiber optic connector 64 and 

the part of the cover assembly 52 facing the fiber optic 
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connector include complementary alignment features. 

In addition, the optical communications device and the 

alignment feature of the device mounting have a pre- 

cisely-defined positional relationship with respect to one 

another, the fiber optic ribbon and the alignment feature 

of the fiber optic connector have a precisely-defined po- 

sitional relationship with respect to one another and the 

alignment features of the cover assembly have a pre- 

cisely-defined positional relationship with respect to one 

another. Moreover, the cover alignment features and 

any optical element mounted in the cover 55 have a pre- 

cisely-defined positional relationship with respect to one 

another. 

[0050] When the cover assembly 52 is installed on the 

device mounting 22 during assembly of the device pack- 

age 20, the complementary alignment features of the 

cover assembly and the device mounting engage with 

one another and precisely define the position of the cov- 

er assembly relative to the device mounting. When the 

fiber optic connector 64 is later plugged into the device 

package, the complementary alignment features of the 

fiber optic connector and the cover assembly engage 

with one another and precisely define the position of the 

fiber optic connector relative to the cover assembly 

Since the optical communications device 32 and the fib- 

er optic ribbon 71 have precisely-defined positional re- 

lationships with respect to their respective alignment 

features, the alignment features collectively precisely 

define the position of the fiber optic ribbon relative to the 

optical communications device. 

[0051] In the embodiment shown in Fig. 1 A, the align- 

ment feature of the device mounting, which will be called 

the device alignment feature, is composed of the align- 

ment holes 43 defined in the mechanical support that 

constitutes part of the device mounting; the alignment 

feature of the fiber optic connector, which will be called 

the connector alignment feature is composed of the 

alignment holes 66 defined in the fiber optic connector; 

and the alignment features of the cover, which will be 

called the cover alignment features, are composed of 

the aligning members 61 extending through the cover 

55. Each cover aligning member is composed of an 

aligning member portion 62 and an aligning member 

portion 63. The aligning member 62 engages with one 

of the alignment holes 43 in the device mounting and 

the aligning member 63 engages with one of the align- 

ment holes 66 in the fiber optic connector. 

[0052] The alignment features described above can 

also be used to align an array of optical elements mount- 

ed in the window 58 of the cover 55 with the desired 

precision relative to either or both of the optical commu- 

nications device 32 and the fiber optic ribbon 71. This is 

done by locating the optical element array in a precisely- 

defined positional relationship with respect to the cover 

alignment features 61. If a transparent layer is mounted 

in or over the window 58, or if some other element that 

does not require precise alignment relative to the optical 

communications device or the fiber optic ribbon is 

mounted in the window 58, the cover alignment features 

be omitted and complementary device and connector 

alignment features may instead be provided. Moreover, 

embodiments in which the device package lacks a cover 

s assembly may include only complementary device and 

connector alignment features. 

[0053] In a further variation, the device alignment fea- 

ture forms part of a modified cover assembly, and is lo- 

cated on the part of the cover that faces the fiber optic 

to connector 64. The fiber optic connector includes a con- 

nector alignment feature complementary to the device 

alignment feature. In this embodiment, an active align- 

ment process that will be described below is used during 

assembly of the device package 20 to position the cover 

is assembly on the device mounting at a location where 

the device alignment feature and the optical communi- 

cation device 32 mounted on the device mounting have 

a precisely-defined positional relationship with respect 

to one another. 

20 [0054] The device mounting 22 of the integrated pack- 

aging system 10 will now be described with reference 

to Figs. 1B-1F, and with additional reference to Fig. 1 A. 

The device mounting is based on the mechanical sup- 

port 29. The mechanical support is composed of two 

25 main elements, the support element 30 and the support 

element 31. The support element 31 extends from the 

support element 30 at a non-zero angle thereto, and 

preferably substantially orthogonally thereto. The me- 

chanical support may be formed by molding a suitable 

30 material to define the support elements 30 and 31, or by 

bending a single piece of material to form the support 

elements 30 and 31. The mechanical support may alter- 

natively be fabricated by joining the support elements 

30 and 31 to one another to form an integral unit. Al- 

35   though the mechanical support may have shapes differ- 

ent from that shown, in the preferred embodiment, the 

mechanical support is L-shaped as shown. The advan- 

tages of this shape will be described below. 

[0055]   The mechanical support 29 supports the print- 

40 ed circuit board 25. The printed circuit board is prefera- 

bly bonded to the mechanical support. The mechanical 

support provides the printed circuit board with mechan- 

ical stability so that the position of printed circuit board 

can be accurately defined relative to the positions of oth- 

45 er components mechanically coupled to the mechanical 

support. This will be discussed in further detail below. 

The printed circuit board includes conductive tracks (not 

shown to simplify the drawings) that transfer electrical 

signals to, from and between electronic components 

50 electrically connected to them. Although rigid circuit 

boards or circuit boards other than printed circuit boards 

can be used, the printed circuit board 25 is preferably a 

flexible printed circuit board. Using a flexible printed cir- 

cuit board as the printed circuit board 25 improves the 

55 ease of manufacturing, as will be described in further 

detail below. The flexibility of the flexible printed circuit 

also enables the printed circuit board to wrap around the 

outward-facing surfaces 33 and 34 of the support ele- 

5 
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merits 30 and 31 constituting the mechanical support. 

The surfaces 33and 34 are shown in Fig. 7. The flexible 

printed circuit extending from the support element 30 to 

the support element 31 and conducts electrical signals 

between the electrical connector 44 mounted on the por- 

tion 27 of the printed circuit board covering the surface 

34 of the support element 31 to the electronic compo- 

nents electrically connected to the portion 26 of the print- 

ed circuit board covering the surface 33 of the support 

element 30. A similar conduction of electrical signals 

can be provided using non-flexible printed circuit 

boards. 

[0056] The optical communications device 32 is me- 

chanically coupled to the mechanical support 29 and is 

electrically connected to one or more of the conductive 

tracks on the printed circuit board 25. The optical com- 

munications device may transmit one or more optical 

signals in response to respective electrical signals re- 

ceived via the printed circuit board, or may transfer one 

or more electrical signals to the printed circuit board in 

response to corresponding optical signals, or may both 

transmit and receive optical signals corresponding to re- 

spective electrical signals. When transmitting, the opti- 

cal communications device receives electrical signals 

from the printed circuit board 25, converts the electrical 

signals into respective optical signals and transmits the 

optical signals to the optical fibers constituting the fiber 

optic ribbon 71. When receiving, the optical communi- 

cations device receives optical signals from the optical 

fibers constituting the fiber optic ribbon 71, converts the 

optical signals into electrical signals and transmits the 

electrical signals to the printed circuit board 25. 

[0057] For simplicity, the integrated packaging sys- 

tem 10 will be described in further detail below using an 

example in which the optical communications device 32 

receives optical signals from the fiber optic ribbon 71. 

However, the integrated packaging system 10 is not lim- 

ited to packaging an optical communications device that 

receives optical signals. The integrated packaging sys- 

tem can be used to package an optical communications 

device that transmits optical signals to the fiber optic rib- 

bon, or that transmits optical signals to some of the op- 

tical fibers constituting the fiber optic ribbon and re- 

ceives optical signals from others of the optical fibers. 

[0058] Various electronic components, such as resis- 

tors, capacitors, inductors, transistors, integrated cir- 

cuits, and sub-assemblies including resistors, capaci- 

tors, inductors, transistors and integrated circuits, can 

be mounted on the printed circuit board 25 to process 

the electrical signals transmitted to and received from 

the optical communications device 32. The actual 

processing applied to the electrical signals can depend 

on the application in which integrated packaging system 

10 is used. For example, it is generally desirable to am- 

plify the electrical signals generated by the optical com- 

munications device 32 in response to the optical signals 

received from the fiber optic ribbon 71. The embodiment 

shown in Figs. 1A-1F is shown as including the electron- 

ic circuit 36, which may be an integrated circuit, that am- 

plifies the electrical signals generated by the optical 

communications device. The electronic circuit may also 

perform processing on the electrical signals in addition 

5 to amplification. The electronic circuit is electrically con- 

nected to the printed circuit board 25 through which it 

directly or indirectly receives the electrical signals from 

the optical communications device as input signals. The 

electronic circuit may also pass output signals directly 

10 or via other circuits to the electrical connector 44 so that 

such signals may be output by the integrated packaging 

system 10. 

[0059] As well as being electrically connected to the 

printed circuit board 25, the electronic circuit 36 is also 

is preferably mechanically and electrically coupled to the 

mechanical support 29. The mechanical support 29 is 

preferably fabricated from a material, such as copper, 

that has high electrical and thermal conductivities. 

These properties enable the mechanical support to 

20 function both as a heat sink for the electronic circuit and 

as a low-impedance current path between the electronic 

circuit and a voltage source. The mechanical support 

may alternatively be fabricated from other materials 

having high electrical and thermal conductivities. 

25 [0060] Fig. 1D shows an example of a way of provid- 

ing contact between the electronic circuit 36 and the me- 

chanical support 29. In this, the printed circuit board de- 

fines the access, hole 38 through which at least part of 

the electronic circuit extends into contact with the me- 

30  chanical support. 

[0061] Fabricating the mechanical support 29 from a 

material having a high thermal conductivity and me- 

chanically coupling the electronic circuit 36 to the me- 

chanical support allows the mechanical support to act 

35 as a heat sink for the electronic circuit. The performance 

of the electronic circuit is improved by the mechanical 

support conducting away heat generated in the elec- 

tronic circuit. 

[0062]   Fabricating the mechanical support 29 from a 

40 material having a high electrical conductivity, electrically 

connecting the electronic circuit 36 to the mechanical 

support and electrically connecting the mechanical sup- 

port to a source of a voltage required by the electronic 

circuit allows the mechanical support to provide a low- 

45 impedance path for current to flow between the elec- 

tronic circuit the voltage source. The voltage source may 

be a ground connection, a voltage source such as a 

power supply, a signal source or any other source of 

voltage that requires a low-impedance path between it 

so  and the electronic circuit. One or more of the tracks on 

the printed circuit board 25 may be connected to the 

same voltage source as that connected to the electronic 

circuit via the mechanical support. 

[0063]   Other electronic components electrically con- 

55 nected to the printed circuit board 25 can also be me- 

chanically coupled to the mechanical support 29 to use 

the mechanical support as a heat sink, or as a low-im- 

pedance current path to a voltage source., or both, as 
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described above. Suitable electrical insulators with a 

high thermal conductivity may be used to electrically in- 

sulate a component from the mechanical support while 

still taking advantage of the heat sinking capability of 

the mechanical support. Using the mechanical support 

as a heat sink, as a low-impedance current path to a 

voltage source, or as both reduces the complexity of the 

integrated packaging system 10, since additional sepa- 

rate subsystems or components for providing heat sink- 

ing and low-impedance current paths are not required. 

Therefore, using the mechanical support as a heat sink 

and as a low-impedance current path simplifies the in- 

tegrated packaging system 10 and makes it easier to 

manufacture. 

[0064] In addition, using the mechanical support 29 to 

provide a low-impedance current path to the electronic 

circuit 36 provides a lower-impedance current path than 

can be provided by the tracks on the printed circuit board 

25. The conductive area of the mechanical support is 

orders of magnitude greater than that of a typical track 

on the printed circuit board. Therefore, the impedance 

of the current path provided by the mechanical support 

is orders of magnitude smaller than that of the typical 

track. 

[0065] As noted above, the optical communications 

device 32 is mechanically coupled to the mechanical 

support 29. As well as providing heat sinking and a low- 

impedance current path for the optical communications 

device, mechanically coupling the optical communica- 

tions device to the mechanical support enables the op- 

tical communications device to be accurately positioned 

relative to the alignment holes 43 located in the mechan- 

ical support, as will be described in more detail below. 

[0066] Fig. 1E shows an embodiment of the mechan- 

ical support 29 in which the notches 41 are formed to 

expose respective portions of the surface 28 of the print- 

ed circuit board 25 facing the surface 33 (Fig. 7) of the 

mechanical support. Additional electronic components 

(not shown) can be mounted on the portions of the sur- 

face 28 exposed by the notches 41. Mounting electronic 

components on both sides of the printed circuit board 

25 maximizes usage of the area of the printed circuit 

board. A way of further increasing the effective area of 

the printed circuit board within the confines of the dimen- 

sions of the mechanical support will be described below 

with reference to Figure 9. 

[0067] As noted above, the two alignment holes 43 

preferably extend into or through the mechanical sup- 

port 29, as shown in Figs. 1B -1E. The alignment holes 

serve as the device alignment feature in this embodi- 

ment. Fig. 1C shows the access holes 42 that extend 

through the printed circuit board 25 to provide access to 

the alignment holes 43 through the printed circuit board. 

The access holes preferably have dimensions in the 

plane parallel to the major surface of the portion 26 of 

the printed circuit board as large as, or larger than, the 

dimensions of the alignment holes 43 in the same plane. 

The optical communications device 32 is coupled to the 

mechanical support and has a precisely-defined posi- 

tional relationship relative to the alignment holes 43 to 

enable a connector alignment feature directly or indi- 

rectly engaging with the alignment holes 43 to provide 

5 a precision alignment of the fiber optic ribbon 71 relative 

to the optical communications device 32, as will be de- 

scribed in more detail below. 

[0068] The portion 27 of the printed circuit board 25 

mounted on the support element 31 constituting part of 

10 the mechanical support 29 preferably includes the elec- 

trical connector 44, as shown in Fig. 1B. The electrical 

connector is preferably electrically connected to a 

number of tracks on the printed circuit board 25 so that 

electrical signals can pass between the printed circuit 

is board 25 and the electrical connector. Electrical connec- 

tions outside of the device package, such as the pads 

46 on the exemplary mother board 47 shown in Fig. 1F, 

can engage the electrical connector 44 to transfer elec- 

trical signals and power connections to the electrical 

20 connector. This enables electrical signals generated in 

response to the optical signals received by the optical 

communications device 32 to pass to other systems via 

the printed circuit board 25 and the electrical connector 

44. Alternatively, electrical signals received from other 

25 systems can pass to the optical communications device 

32 via electrical connector 44 and printed circuit board 

25. In the preferred embodiment, the electrical connec- 

tor 44 is composed of an array of solder balls, as shown 

in Fig. 1B. Exemplary solder balls are shown at 45. 

30 [0069] Fig. 1F is a side view of the device package 20 

mounted on the mother board 47 by means of the elec- 

trical connector 44. Each of the solder balls 45 consti- 

tuting the electrical connector is located on a pad in the 

portion 27 of the printed circuit 25. An exemplary pad is 

35 shown at 48. A corresponding array of pads is located 

on the mother board on which the device package is 

mounted. An exemplary pad is shown at 46. When the 

device package is mounted on the mother board, the 

electrical connector establishes a strong mechanical 

40 bond and low-impedance electrical connections be- 

tween the device package and the mother board. The 

device package is mounted on the mother board by 

placing the solder balls in contact with the respective 

pads on the mother board and applying heat to melt the 

45 solder balls. The surface tension of the molten solder 

pulls the device package into alignment with the mother 

board so that the location of the device package on the 

mother board is accurately defined the solder cools and 

solidifies. Fig. 1F shows the device package after the 

so   solder balls have been melted. The heat may alterna- 

tively melt a solder paste applied to the pads on the 

mother board. When the molten solder cools and solid- 

ifies, it fixes the solder balls to the pads. 

[0070]   Although the solder ball-based electrical con- 

55 nector 44 shown in Figs. 1B and 1F is preferred, many 

other suitable types of electrical connections suitable for 

electrically connecting to the printed circuit board 25 are 

known and may be used if desired. 
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[0071] The cover assembly 52 that engages with the 

device mounting 22 to protect the optical communica- 

tions device 32 will now be described with reference to 

Figs. 1A, 2A and 2B. Optionally, the cover assembly 

may be dimensioned so that it additionally protects one 

or more of the electrical components mounted on the 

portion 26 of the printed circuit board 25. The cover as- 

sembly is shown additionally protecting the electronic 

circuit 36 in Fig. 3A. The cover assembly 52 is com- 

posed of the cover 55 and the aligning members 61. The 

aligning members preferably extend through the thick- 

ness of the cover, so that the aligning member portions 

62 extend from the cover towards the device mounting 

as the first cover alignment feature, and the aligning 

member portions extend from the cover towards the fib- 

er optic connector 64 as the second cover alignment 

feature. 

[0072] The window 58 is defined in the cover 55 to 

prevent the cover from blocking the passage of light to 

or from the optical communications device 32. The light- 

transmitting element 59 is mounted in the window, as 

shown in Fig. 2B, to enable the cover to protect the op- 

tical communications device notwithstanding the win- 

dow in the cover. The light-transmitting element may al- 

ternatively cover the window. The light-transmitting ele- 

ment may include a layer of a material, such as glass, 

that transmits light at the wavelengths of the optical sig- 

nals that need to pass to or from the optical communi- 

cations device. In embodiments in which the optical 

communications device requires less protection than 

that provided by the embodiment of the cover assembly 

shown, the cover assembly may be omitted, or the light- 

transmitting element may be omitted from the window. 

[0073] The light-transmitting element 59 may alterna- 

tively include an array of optical elements, such as a lens 

array or an array of diffractive optical element. The op- 

tical elements may process the light passing between 

the optical communications device 32 and the fiber optic 

ribbon 71. When the light-transmitting element includes 

an array of optical elements, the accurate alignment in 

the y-z plane of the cover 55 relative to either or both of 

the device mounting 22 and the fiber optic connector 64 

is critical to ensure that the array of optical elements is 

correctly positioned relative to either or both of the op- 

tical communications device or the fiber optic ribbon. 

This accurate alignment is obtained by mounting the ar- 

ray of optical elements in the cover in an precisely-de- 

fined positional relationship relative to the aligning mem- 

bers 61. 

[0074] As noted above, the cover assembly 52 in- 

cludes the aligning members 61 that extend through the 

cover 55 in the x-direction. The cross-sectional shape 

and size of the portion 62 of each aligning member 61 

is substantially the same as the cross-sectional shape 

and size of the corresponding alignment recess defined 

by the mechanical support 29. In the example shown, 

the alignment hole 43 extending into or through the me- 

chanical support provides the alignment recess. Conse- 

quently, inserting the aligning member portions 62 into 

the alignment holes 43 precisely defines the position of 

the cover 55 relative to the mechanical support in both 

the y-and z-directions, as shown in Fig. 3A. For exam- 

5 pie, when the alignment holes 43 are circular in shape 

in the plane parallel to the surface 33 (Fig. 7) of the me- 

chanical support, each aligning member portion 62 is 

preferably a cylinder having a diameter a few microns 

less than the diameter of the corresponding alignment 

to hole 43. This dimensional relationship enables the align- 

ing members to easily fit into the alignment holes 43 

while positioning the cover 55 relative to the optical com- 

munications device 32 within the required tolerance in 

both the y- and z-directions. Figs. 3A-3C are various 

is views showing the cover assembly 52 engaged with the 

device mounting 22 and protecting the optical commu- 

nications device 32 and the electrical circuit 36 electri- 

cally connected to the portion 26 of the printed circuit 

board. 

20 [0075] Fig. 4A shows the fiber optic connector 64 that 

engages with the cover assembly 52. The fiber optic 

connector is composed of the connector body 67 in 

which are defined alignment recesses as the connector 

alignment feature. In the example shown, the alignment 

25 holes 66 provide the alignment recesses. The alignment 

holes are shaped and dimensioned to engage with the 

second cover alignment features, i.e., the portions 63 of 

the aligning members 61 that extend from the surface 

of the cover 55 facing the fiber optic connector. The 

30 shape of each alignment hole 66 in the plane parallel to 

the major surface 65 of the connector body is the same 

as the shape of the portions 63 of the aligning members 

61 in the same plane. The dimensions of each alignment 

hole in the plane of the surface 65 are a few microns 

35 larger than the dimensions of the portion 63 of the cor- 

responding aligning member 61 in the same plane. This 

dimensional relationship enables the portion 63 of each 

aligning member to fit easily into the corresponding 

alignment hole 66 while positioning the fiber optic con- 

40   nector relative to the cover within the required tolerance 

in both the y- and z-directions when the aligning member 

portions 63 are inserted into the alignment holes 66. 

[0076]   The connector body 67 also defines the win- 

dow 68 through which the fiber optic ribbon 71 extends, 

45 as shown in Fig. 4B. The connector body includes an 

element (not shown) that secures the fiber optic ribbon 

in a precisely-defined positional relationship with re- 

spect to the alignment holes 66. Securing elements suit- 

able for fiber optic connectors similar to the fiber optic 

50  connector 64 are known in the art. 

[0077] Figure 5 shows the complete integrated pack- 

aging system 10 according to the invention in which the 

optic connector 64 is engaged with the device package 

composed of the device mounting 22 and the cover as- 

55 sembly 52. The portions 62 and 63 of the aligning mem- 

bers extend in opposite directions from the cover 55 and 

respectively engage with the alignment holes 43 and 66 

in the mechanical support 29 and in the connector body 
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67, respectively, to align the cores of the optical fibers 

constituting the fiber optic ribbon 71 precisely and auto- 

matically with the optical communications device 32 

(Fig. 1 A) mounted on the mechanical support. As a re- 

sult of this alignment, optical signals pass between the 

fiber optic ribbon 71 and the optical communications de- 

vice (Fig. 1 A) through the windows 68 and 58 in the con- 

nector body (Fig. 4A) and the cover 52 (Fig. 2A), respec- 

tively. Since the fiber optic ribbon is precisely aligned 

with the optical communications device, any residual 

mis-alignment minimally impairs the signal-to-noise ra- 

tio of the electrical signals generated by the optical com- 

munications device in response to optical signals trans- 

mitted by the fiber optic ribbon, or of the optical signals 

in the fiber optic ribbon transmitted by the optical com- 

munications device to the fiber optic ribbon. 

[0078] The aligning members 61 engaging with the 

alignment holes 43 (Fig. 1 A) and 66 (Fig. 4A) precisely 

aligns the fiber optic ribbon 71 with the optical commu- 

nications device 32 The aligning members 61 engaging 

with the alignment holes 43 and 66 align the alignment 

holes 43 and 66 with respect to each other. Since the 

optical communications device 32 and the alignment 

holes 43 have a precisely-defined positional relationship 

with respect to one another, and since the fiber optic 

ribbon and the alignment holes 66 have a precisely-de- 

fined positional relationship with respect to one another 

corresponding to the positional relationship between the 

optical communications device and the alignment holes 

43, precisely aligning the alignment holes 43 and 66 rel- 

ative to one another automatically aligns the fiber optic 

ribbon relative to the optical communications device. 

[0079] The optical communications device 32 and the 

electronic circuit 36 are preferably electrically connect- 

ed to the portion 26 of printed circuit board 25, as shown 

in Fig. 1B. Although either or both of the optical commu- 

nications device 32 and the electronic circuit 36 can be 

conventionally mounted on the printed circuit board 25, 

the optical communications device 32 and the electronic 

circuit 36 are mechanically coupled to the mechanical 

support 29 and are electrically connected to the printed 

circuit board 25 in the preferred embodiment, as noted 

above. 

[0080] The L-shaped structure of the mechanical sup- 

port 29 disposes the portion 26 of the printed circuit 

board substantially perpendicular to the portion 27 of 

printed circuit board on which the electrical connector 

44 is located. This configuration of the mechanical sup- 

port enables the electrical connector 44 to connect the 

device package 20 to the mother board 47 (Fig. 1F) 

while allowing the fiber optic ribbon 71 to run substan- 

tially parallel to the mother board and enabling the fiber 

optic connector 64 to engage with the cover assembly 

52 of the device package 20 without having to bend the 

fiber optic ribbon close to the fiber optic connector. An 

embodiment of the mechanical support 29 in which the 

angle between the support elements 30 and 31 is differ- 

ent from 90° can be used in applications in which the 

fiber optic ribbon does not run parallel to the plane of 

the mother board. 

[0081] Fig. 6A shows the housing 81 that can also 

form part of the integrated packaging system 10. The 

5 housing 81 defines an opening 83 into which the device 

package 20 is inserted until the prongs 86 engage with 

the portion 27 of the printed circuit board 25, as shown 

in Fig. 6B. The prongs 86 retain the integrated packag- 

ing system in place in the housing 81. The housing also 

10 defines the opening 93 that provides access to engage 

the fiber optic connector 64 with the cover assembly 52 

of the device package. The fiber optic connector 64 is 

inserted into the opening 93 in the housing and is guided 

by the walls of the housing until the portions 63 of the 

15 aligning members 61 enter the alignment holes 66 in the 

connector body 67. The fiber optic connector is then ad- 

vanced until the connector body seats on the cover 55. 

[0082] Certain aspects of the invention may be used 

independently of the automatic alignment features de- 

20 scribed above. For example, a device package may be 

based on the mechanical support 29 to provide heat 

sinking and a low-impedance current path for the optical 

communications device 32 and other electronic circuits 

associated with the optical communications device but 

25 may lack the automatic alignment features described 

above. In this case, other structures for aligning the fiber 

optic ribbon with the optical communications device 

must be provided, or the fiber optic ribbon must other- 

wise be aligned with the optical communications device. 

30 However, the automatic alignment features of the pre- 

ferred embodiment usually provide easier and less ex- 

pensive alignment than alternative alignment structures 

or methods. 

[0083]   The first and second cover alignment features 

35   may be omitted from the integrated packaging system 

according to the invention. Such an embodiment can 

nevertheless automatically align the fiber optic ribbon 

71 with the optical communications device 32. In such 

an embodiment, the mechanical support lacks the align- 

40   ment holes 43, and the device alignment feature is in- 

cluded in the modified cover assembly 152 shown in Fig- 

ure 2C. In the cover assembly 152, the aligning mem- 

bers 161 function as the device alignment feature, and 

extend only from the surface of the cover 55 facing the 

45   fiber optic connector 64. The aligning members are 

shaped to engage with the alignment holes 66 in the 

connector body 67. 

[0084] During assembly of the device package 20, an 

active alignment system is used to align the cover as- 

50 sembly 152 with the optical communications device 32 

prior to securing the cover assembly to the device 

mounting 22. For example, pattern recognition or other 

known techniques may be applied to the optical com- 

munications device and the aligning members 161 to 

55 position the cover assembly on the device mounting in 

a location at which the aligning members and the optical 

communication device 32 have a precisely-defined po- 

sitional relationship with respect to one another. Holes 
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or slots may be provided in the printed circuit board 25, 

or the printed circuit board may be appropriately 

shaped, to enable the cover assembly to be bonded di- 

rectly to the mechanical support 29. 

[0085] Alternatively, if the optical communications de- 

vice 32 includes transmitting elements, electrical signals 

may be applied to the transmitting elements via the elec- 

trical connector 44 to cause the transmitting elements 

to generate optical signals. An alignment connector is 

engaged with the aligning members 161 extending from 

the cover 55 of the cover assembly 152. The optical sig- 

nals at the end of the fiber optic ribbon 71 remote from 

the alignment connector are monitored, and the position 

of the cover assembly relative to the device package 20 

is manipulated until the optical signals have a maximum 

signal-to-noise ratio, or some other indication of an op- 

timal alignment of the cover assembly is obtained. A 

similar active alignment technique may be applied when 

the optical communications device includes only receiv- 

ing elements. In this case, optical signals are applied to 

the end of the fiber optic ribbon remote from the align- 

ment connector, and the signal-to-noise ratio of the elec- 

trical signals generated by the optical communications 

device is monitored while the position of the modified 

cover assembly is optimized. 

[0086] After the cover assembly 152 has been opti- 

mally positioned, it is affixed to the device mounting 22, 

preferably to the mechanical support 29, and the align- 

ment connector is disengaged from the cover assembly. 

Then, the fiber optic ribbon of any fiber optic connector 

having the same positional relationship of the fiber optic 

ribbon with respect to the alignment holes 66 as that of 

the fiberoptic ribbon with respect to the alignment holes 

66 of the alignment connector will be accurately aligned 

relative to the optical communications device when such 

fiber optic connector is engaged with the cover assem- 

bly 152. 

[0087] The embodiments of the alignment features 

exemplified by the aligning members 61 and the align- 

ment holes 43 and 66 shown in the drawings are not 

critical to the invention, and other alignment features 

may be used. For example, the alignment recesses ex- 

emplified by the alignment holes 43 need not pass all of 

the way through the mechanical support 29, but each 

may instead have only one opening that receives the 

corresponding aligning member 61. A different number 

of aligning members 61 from that shown can be used, 

and the aligning members and alignment recesses can 

have different shapes and structures from those shown. 

For example, the portions 62 and 63 of the aligning 

members can be shaped as balls, as cones, or as any 

other suitable shape having circular or non-circular 

cross-sections, and the alignment recesses can be 

shaped accordingly. 

[0088] The aligning member portions 63 can also be 

shaped to engage with the alignment features on the 

connector body 67 other than the alignment recesses 

exemplified by the alignment holes 66. For example, 

each aligning member portion can have an L-shaped 

cross-sectional shape in a plane parallel to the major 

surface of the cover 55 and can be positioned to engage 

with at least the diagonally-opposite corners of the con- 

5 nector body. In such an embodiment, the diagonally-op- 

posite corners of the connector body serve as the con- 

nector alignment feature. The L-shaped aligning mem- 

ber portions engaging with the diagonally-opposite cor- 

ners of the connector body defines the position of the 

io fiber optic connector 64 in the y- and z-directions. A sim- 

ilar arrangement can be used to align the cover relative 

to the support member 29. 

[0089] In lurther variations, aligning members similar 

in configuration to the aligning members 61 may extend 

15 from the fiber optic connector 64 as the connector align- 

ment feature, or may extend from the mechanical sup- 

port 29 as the device alignment feature. In the former 

case, the aligning members engage in the alignment 

holes 43 defined by the mechanical support as the de- 

20 vice alignment feature, while in the latter case, the align- 

ing members engage in the alignment holes 66 defined 

by the fiber optic connector as the connector alignment 

feature. If the positioning of the cover 55 is also critical, 

alignment holes may also be defined by the cover as the 

25 cover alignment feature, and aligning members extend- 

ing from the fiber optic connector or the mechanical sup- 

port may additionally pass through such alignment 

holes. As a yet further variation, alignment holes may 

be defined by the cover and aligning members may ex- 

30 tend from the cover. Aligning members extending from 

one of the fiber optic connector and the mechanical sup- 

port may engage in the alignment holes defined by the 

cover, and the aligning members extending from the 

cover may engage in alignment holes defined by the oth- 

35   er of the fiber optic connector and the mechanical sup- 

port. Many other variations of the alignment features are 

possible within the scope of the invention. 

[0090]   If no optical element is mounted in or over the 

window 58 in the cover 55, or if the an alignment-insen- 

40 sitive optical element is mounted in or over the window, 

or if the cover is light-transmitting, the cover may be con- 

figured so that it does not interfere with engagement be- 

tween alignment features of the mechanical support 29 

and the connector 64. For example, the cover may be 

45 dimensioned relative to the spacing between the align- 

ing members 61 so that the cover fits between the align- 

ing members. Alternatively, holes can be defined in the 

cover dimensioned to allow the aligning members or 

other alignment features forming part of the mechanical 

^o  support or the connector to pass through. 

[0091] Aligning members similar in configuration to 

the aligning members 61 may also be affixed to the sur- 

face 33 (Fig. 7) of the mechanical support 29 or to the 

surface of the cover 55 as the device alignment feature. 

55 The aligning members may be affixed using an adhe- 

sive, such as epoxy, by soldering or welding, or by some 

suitable affixing element such as a screw or rivet. With 

the aligning members so affixed, the alignment holes 43 
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are unnecessary. In this case, during assembly of the 

device package 20, the optical communications device 

32 is precisely aligned relative to the aligning members 

61 themselves or relative to the point on the surface 33 

where the aligning members will be later affixed to de- s 

fine the positional relationship between the device align- 

ment feature and the optical communications device. 

[0092]   The construction, preferred use and operation 

of the integrated packaging system according to the in- 

vention will now be described. io 

[0093]   Referring first to Figs. 1A-1F, the mechanical 

support 29 is formed by bending a piece of sheet mate- 

rial of the appropriate dimensions through about a right 

angle about half-way along its length to define the sup- 

port element 30 that extends from the support element is 

31 at approximately right angles. Techniques for per- 

forming this operation are well known so will not be de- 

scribed further. The material of the mechanical support 

is preferably copper about 1 millimeter thick, although 

other materials and thicknesses may be used. For ex- 20 

ample, the mechanical support may be die cast in alu- 

minum, which eliminates the need for the bending op- 

eration just described. As a further example, the support 

elements 30 and 31 may be separately fabricated and 

may then be joined to one another to form the mechan- 25 

ical support. In embodiments in which the mechanical 

support does not have to be electrically and thermally 

conductive, the mechanical support may also be molded 

from a suitable plastic, such as polycarbonate. 

[0094]   Drilling, fine blanking or some other suitable 30 

machining process is used to form the alignment holes 

43 in the mechanical support 29 and to form the notches 

41 in the support element 30 constituting part of the me- 

chanical support. The alignment holes 43 extend into 

the mechanical support from the surface 33 of the me- 35 

chanical support. The completed mechanical support is 

shown in Fig. 7. 

[0095] Next, the flexible printed circuit board 25 is 

made using conventional printed circuit board fabrica- 

tion techniques. The printed circuit board includes the *o 

access holes 42 (Fig. 1D) that provide access through 

the printed circuit board to the alignment holes 43 in the 

mechanical support 29. The access holes 42 can be of 

any size and shape as long as they expose the align- 

ment holes 43 in the mechanical support and do not ob- 45 

struct insertion of the aligning members 61 into the align- 

ment holes 43 when the printed circuit board is mounted 

on the mechanical support. To this end, the access holes 

42 should be slightly larger than the alignment holes 43. 

[0096] Alternatively, the printed circuit board 25 can so 

be made without the access holes 42 if it is otherwise 

configured to expose the alignment holes 43 in the me- 

chanical support 29. Figs. 8A and 8B show two alterna- 

tive embodiments of the printed circuit board that lack 

the access holes 42 and expose the alignment holes 43 ss 

in the mechanical support by making the width of the 

printed circuit board less than the distance between the 

alignment holes (Fig. 8A) or by defining slots in the print- 

ed circuit board (Fig. 8B). 

[0097] Fabrication of the printed circuit board 25 in- 

cludes mounting various electronic components on the 

printed circuit board, and electrically connecting to the 

printed circuit board those components, such as the op- 

tical communications device 32 and the electronic circuit 

36, that will later be mechanically attached to the me- 

chanical support 29. Fabrication of the printed circuit 

board also includes electrically connecting the electrical 

connector 44 to the portion 27 of the printed circuit 

board. In the preferred embodiment, the electrical con- 

nector is formed on the printed circuit board by forming 

solder balls, such as the solder ball 45, on an array of 

pads (the exemplary pad 48 is shown in Fig. 1F) on the 

portion 27 of the printed circuit board (Fig. 1 B) 

[0098] The printed circuit board 25 is then attached to 

the mechanical support 29 with the access holes 42 in 

the printed circuit board concentric with the alignment 

holes 43 in the mechanical support. Techniques, such 

as laminating, suitable for attaching or affixing the print- 

ed circuit board 25 to the mechanical support 29 are 

known in the art and will therefore not be described here. 

Attaching the printed circuit board on the mechanical 

support also involves mechanically coupling the optical 

communications device 32 and the electronic circuit 36 

electrically connected to the printed circuit board to the 

mechanical support. The completed device mounting 22 

is shown in Fig. 1B. The process of attaching the printed 

circuit board to the mechanical support positions the op- 

tical communications device in a precisely-defined po- 

sitional relationship with respect to the alignment holes 

43 in the mechanical support. Precisely positioning the 

optical communications device relative to the alignment 

holes 43 results in the optical communications device 

being precisely positioned relative to the aligning mem- 

bers 61 when the latter are inserted into the alignment 

holes 43. 

[0099] A number of vision-aided alignment processes 

are known that can be employed to align the optical 

communications device 32 relative to the alignment 

holes 43 in the mechanical support 29 with the required 

precision. In embodiments in which multi-mode optical 

fibers constitute the fiber optic ribbon 71, the alignment 

process should position the optical communications de- 

vice relative to the alignment holes 43 within a tolerance 

of approximately ±15 u.m to enable effective optical 

communication between the fiber optic ribbon and the 

optical communications device. However, better results 

are obtained by reducing the tolerance to less than ap- 

proximately ±10 |im, In embodiments in which single- 

mode optical fibers constitute the fiber optic ribbon, the 

tolerance should be less than about ± 2 u.m, and should 

preferably be less than ± 1u.m. 

[0100] The process just described establishes a pre- 

cisely-defined positional relationship between the opti- 

cal communications device 32 and the alignment holes 

43 in the mechanical support 29. Moreover, connector 

body 67 of the fiber optical connector 64 is constructed 
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to establish a positional relationship between the fiber 

optic ribbon 71 and to the alignment holes 66 in the con- 

nector body corresponding to the positional relationship 

between the optical communications device and the 

alignment holes 43. The aligning members 61 constitut- 

ing part of the cover assembly 52 align the alignment 

holes 43 in the mechanical support with the alignment 

holes 66 in the connector body. Therefore, when the 

aligning members 61 engage with the alignment holes 

43 and 66 in the mechanical support and the connector 

body, respectively, the optical fibers constituting the fib- 

er optic ribbon 71 are precisely aligned with the optical 

communications device 32. 

[0101] In an exemplary embodiment of the integrated 

packaging system according to the invention, the center 

of the core of one of the optical fibers constituting the 

fiber optic ribbon 71 is located 1 mm from the center of 

one of the alignment holes 43 in the x-direction and 0 

mm from the center of the alignment hole 43 in the y- 

direction when the fiber optic connector 64 is engaged 

with the cover assembly 52, as shown in Fig. 5. The op- 

tical communications device 32 is positioned so that the 

distance of the center of the corresponding transmitting 

element or receiving element thereof from the alignment 

hole 43 is located within approximately ±15 urn of a point 

1 mm from the center of the alignment hole 43 in the x- 

direction and within ±15 uxn of a point 0 mm from the 

center of the alignment hole 43 in the /-direction. When 

the fiber optic connector is engaged with the cover as- 

sembly, the above-mentioned optical fiber is accurately 

aligned with the corresponding transmitting element or 

receiving element of the optical communications device, 

and effective optical communication takes place be- 

tween the optical fiber and the element of the optical 

communications device. The above-mentioned distanc- 

es are stated for illustrative purposes only, and the in- 

vention can be implemented using other distances be- 

tween an element of the optical communications device 

and the alignment hole 43. 

[0102] Once the device mounting 22 shown in Fig. 1B 

has been made, the cover assembly 52 is installed to 

form the device package 20. The portions 62 of the 

aligning members 61 extending from the cover 55 (Fig. 

1 A) are inserted through the access holes 42 into the 

alignment holes 43, and the cover assembly is ad- 

vanced until the cover seats on the printed circuit board 

25. Once the cover seats on the printed circuit board 25, 

the portions 62 aligning members 61 are affixed to the 

mechanical support to prevent the cover assembly mov- 

ing in the x-direction. The aligning members may be af- 

fixed to the mechanical support using epoxy or some 

other suitable adhesive. Nuts applied to threaded por- 

tions (not shown) of the aligning members, clips applied 

to the aligning members, pins inserted radially through 

the aligning members or other suitable affixing devices 

may alternatively be used. 

[0103] If the integrated packaging system includes 

the housing 81, the device package 20 is inserted and 

secured in the housing. 

[0104] In the preferred embodiment, the device pack- 

age 20 is installed on the mother board 47 (Fig. 1F) hav- 

ing an array of pads 46 corresponding to the array of the 

s solder balls 45 constituting the electrical connector 44. 

The device package is placed on the mother board with 

the solder balls in contact with the pads. The solder balls 

are then heated to melt them. When the solder cools 

and solidifies, the solder attaches and electrically con- 

io   nects the device package to the pads on the mother 

board. Additional mechanical attachment may be pro- 

vided by the prongs 86 on the housing 81 engaging in 

slots formed in the mother board. 

[0105]   Fabrication of the integrated packaging sys- 

15 tern 10 is completed by connecting the fiber optic con- 

nector 64 to the device package 20. One end of the fiber 

optic ribbon 71 is installed in the connector body 67 of 

the fiber optic connector. The fiber optic connector is in- 

serted into the opening 93 in the housing 81, and is guid- 

20 ed by the walls of the housing until the portions 63 of the 

aligning members 61 engage with the alignment holes 

66 in the connector body. The fiber optic connector is 

advanced into the housing until it seats on the cover 55. 

Once the fiber optic connector seats on the cover, the 

25 fiber optic connector is affixed to the portions 63 of the 

aligning members 61 to prevent the fiber optic connector 

from moving in the x-direction. A suitable spring locking 

mechanism may be used to affix the fiber optic connec- 

tor. Such a mechanism can later be unlocked to allow 

30 the fiber optic connector to be disconnected from the 

device package. 

[0106] Since the fiber optic ribbon 71 is located in a 

precisely-determined position relative to the alignment 

holes 66 in the connector body 67 of the fiber optic con- 

35 nector 64, the optical fibers constituting the fiber optic 

ribbon directly face, and are precisely aligned with, the 

corresponding elements of the optical communications 

device 32 when the fiber optic connector seats on the 

cover 55. Consequently, optical signals can pass be- 

40 tween the fiber optic ribbon and the optical communica- 

tions device. 

[0107] When optical signals transmitted by the fiber 

optic ribbon 71 are received by the optical communica- 

tions device 32, the optical communications device con- 

45 verts the optical signals into electrical signals. The elec- 

trical signals then pass through the conductive tracks 

on the printed circuit board 25 to the electronic circuit 

36, which amplifies the electrical signals. The amplified 

electrical signals then pass through additional conduc- 

50  tive tracks and additional electronic components on the 

printed circuit board to the electrical connector 44, 

through which the amplified electrical signals pass to 

conductive tracks on the mother board. 

[0108]   Alternatively, when the optical communica- 

55 tions device 32 transmits optical signals, the integrated 

packaging system 10 receives electrical signals through 

the electrical connector 44. The electrical signals pass 

via the conductive tracks on the printed circuit board 25 
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to the electronic circuit 36. The electronic circuit proc- 

esses the electrical signals. For example, the electronic 

circuit may generate drive signals suitable for driving the 

optical communications device 32. The drive signals 

then pass to the optical communications device 32 s 

through additional conductive tracks on the printed cir- 

cuit board. The optical communications device 32 con- 

verts the drive signals into optical signals and transmits 

the optical signals to the fiberoptic ribbon 71. The optical 

signals pass to the fiber optic ribbon through the trans- 10 

parent layer 59 mounted in the window 58 in the cover 

55, and through the window 68 in the connector body 67. 

[0109] Thus, in the integrated packaging system 10, 

simply plugging the fiber optic connector 64 carrying the 

fiber optic ribbon 71 into the device package 20 precise- is 

ly aligns the fiber optic ribbon with the optical communi- 

cations device 32 included in the device package, and 

enables optical signals to pass between the fiber optic 

ribbon and the optical communications device. Com- 

pared with conventional packaging systems for optical 20 

communications devices, the simplicity and efficiency of 

the integrated packaging system according to the inven- 

tion significantly reduces the cost of precisely aligning 

the fiber optic ribbon with the optical communications 

device. The integrated packaging system according to 25 

the invention automatically and precisely aligns the fiber 

optic ribbon with the optical communications device by 

the aligning members 61 engaging with the alignment 

holes 43 and 66. 

[0110]   In the embodiments described above, the 30 

printed circuit board 25 is depicted as being substantial- 

ly co-extensive in area with the surfaces 33 and 34 of 

the mechanical support 29. However, this is not critical 

to the invention. The flexible printed circuit can have an 

area smaller than the combined areas of the surfaces 35 

33 and 34 of the mechanical support. Alternatively, the 

flexible printed circuit can have an area larger than the 

combined areas of the surfaces of the mechanical sup- 

port. Fig. 9 shows an example of an embodiment of the 

device package 120 in which the flexible printed circuit 40 

is larger in area than the combined areas of the surfaces 

of the mechanical support. Elements of the device pack- 

age shown in Fig. 9 that correspond to elements of the 

device mounting shown in Figs. 1A-1F and the device 

package shown in Figs. 3A-3C are indicated using the 45 

same reference numerals and will not be described 

again here. 

[0111] In the device package shown in Fig. 9, the print- 

ed circuit board 125 has substantially the same width as 

the mechanical support 129, but has a length substan- so 

tially greater than the combined lengths of the surfaces 

33 and 34 of the mechanical support. The end portion 

91 of the support element 131 constituting part of the 

mechanical support is rounded, and the portion 92 of 

the printed circuit board that extends beyond the end 55 

portion 91 of the support element 131 is wrapped around 

the end portion and is bonded to the inside surface 94 

of the support element 131. Prior to attaching the printed 

circuit board to the mechanical support, additional active 

and passive electronic components can be mounted on 

the portion 92 of the printed circuit board. Examples of 

such additional electronic components are shown at 95. 

[0112] The additional electronic components can be 

electrically connected to the portion 92 of the printed cir- 

cuit board 125, and can also be mechanically coupled 

to the mechanical support 129 to enable the mechanical 

support to act as a heat sink, to provide a low-imped- 

ance current path, or both. Folding the printed circuit 

board around the end of the mechanical support as 

shown increases the area of the printed circuit board 

without increasing the overall size of the optical device 

package. A printed circuit board having an area even 

greater than that shown can be accommodated by roll- 

ing the printed circuit board in the space between the 

support elements 130 and 131. As a further alternative, 

a separate rigid or printed circuit board assembly (not 

shown) can be attached by suitable conductors to con- 

nections available on the exposed areas of the portion 

92 of the printed circuit board. 

[0113] Although this disclosure describes illustrative 

embodiments of the invention in detail, it is to be under- 

stood that the invention is not limited to the precise em- 

bodiments described, and that various modifications 

may be practiced within the scope of the invention de- 

fined by the appended claims. 

Claims 

1. An integrated packaging system (10) for packaging 

an optical communications device, the packaging 

system comprising: 

an integral mechanical support (29) including a 

first support element (30) and a second support 

element (31), the first support element extend- 

ing at a non-zero angle from the second support 

element; 

a printed circuit board (25) including a first por- 

tion (26) and a second portion (27) in contact 

with the first support element and the second 

support element, respectively; and 

the optical communications device (32) me- 

chanically coupled to the first support element 

of the mechanical support and electrically con- 

nected to the first portion of the printed circuit 

board. 

2. The integrated packaging system of claim 1, in 

which the first support element includes a device 

alignment feature ( 43), the device alignment fea- 

ture and the optical communications device having 

a defined positional relationship with respect to one 

another. 

3. The integrated packaging system of claim 2, in 
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which: 

the packaging system is additionally for provid- 

ing an automatically-aligned interface between 

the optical communications device and an op- s 

tical element; and 

the packaging system additionally comprises a 

cover assembly (52), including: 

6. 

a cover (55) comprising a cover alignment io 

feature (61) shaped to engage with the de- 

vice alignment feature, and 

the optical element coupled to the cover, 

the optical element and the cover align- 

ment feature having a defined positional is 

relationship with respect to one another 

corresponding to the defined positional re- 

lationship between the optical communica- 

tions device and the device alignment fea- 

ture. 20 

The integrated packaging system of claim 3, in 

which: 

the device alignment feature (43) includes one 25 

of (a) an aligning member extending from the 

first support element (30) and (b) an alignment 7. 

recess (43) defined by the first support element; 

and 

the cover alignment feature ( 61) includes one 30 

of (a) an alignment recess defined by the cover, 

the alignment recess being shaped and dimen- 

sioned to engage with the aligning member ex- 

tending from the first support element, and (b) 

an aligning member (61) extending from the 35 

cover, the aligning member being shaped and 

dimensioned to engage with the alignment re- 

cess (43) defined by the first support element. 

The integrated packaging system of claim 3, in 40 

which: 

the packaging system is additionally for provid- 

ing an automatically-aligned interface between 

the optical communications device; the optical 45 

element and an optical fiber (71); 

the cover alignment feature (61) is a first cover 

alignment feature (62); 

the cover additionally comprises a second cov- 

er alignment feature (63) located in a defined so 

location relative to the optical element; and 

the packaging system additionally comprises a 

fiberoptic connector (64), including: 

a connector body (67) comprising a con- 55 

nector alignment feature (66) shaped to 

engage with the second cover alignment 

feature ( 61), and 8. 

the optical fiber (71) coupled to the connec- 

tor body, the optical fiber and the connector 

alignment feature having a defined posi- 

tional relationship with respect to one an- 

other corresponding to the defined posi- 

tional relationship between the second 

cover alignment and the optical element. 

The integrated packaging system of claim 5, in 

which: 

the device alignment feature includes a first 

aligning member extending from the first sup- 

port element; 

the first cover alignment feature is integral with 

the second cover alignment feature and in- 

cludes an alignment recess defined by the cov- 

er, the alignment recess being shaped and di- 

mensioned to engage with the first aligning 

member; and 

the connector alignment feature includes an 

alignment recess (66) defined by the connector 

body, the alignment recess being shaped and 

dimensioned to engage with the first aligning 

member. 

The integrated packaging system of claim 5, in 

which: 

the device alignment feature (43) includes one 

of (a) a first aligning member extending from 

the first support element, and (b) an alignment 

recess (43) defined by the first support element 

(30); 

the first cover alignment feature ( 61) includes 

one of (a) an alignment recess defined by the 

cover, the alignment recess being shaped and 

dimensioned to engage with the first aligning 

member, and (b) a first aligning member (62) 

extending from the cover, the first aligning 

member being shaped and dimensioned to en- 

gage with the alignment recess (43) defined by 

the first support element; 

the connector alignment feature ( 66) includes 

one of (c) a second aligning member extending 

from the connector body, and (d) an alignment 

recess (66) defined by the connector body; and 

the second cover alignment feature ( 61) in- 

cludes one of (c) an alignment recess defined 

by the cover, the alignment recess being 

shaped and dimensioned to engage with the 

second aligning member, and (d) a second 

aligning member (63) extending from the cover 

the aligning member being shaped and dimen- 

sioned to engage with the alignment recess de- 

fined by the connector body. 

The integrated packaging system of claim 7, in 
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which the first aligning member (62) is integral with 

the second aligning member (63) and extends op- 

posite directions from the cover. 

9.   The integrated packaging system of claim 1, in s 

which: 

10. The integrated packaging system of claim 9, in 

which: 

20 

the packaging system is additionally for provid- 

ing an automatically-aligned interface between 

the optical communications device (32) and an 

optical element; and 

the cover assembly additionally includes the 25 

optical element coupled to the cover, the optical 

element and the device alignment feature hav- 

ing a defined positional relationship with re- 

spect to one another corresponding to the de- 

fined positional relationship between the opti- 30 

cal communications device and the device 

alignment feature. 

11. The integrated packaging system of claim 2 or 9, in 

which: 35 

the packaging system is additionally for provid- 

ing an automatically-aligned interface between 

the optical communications device (32) and an 

optical fiber (71); and 40 

the packaging system additionally comprises a 

fiber optic connector (64), including: 

a connector body (67) comprising a con- 

nector alignment feature (66) shaped to 45 

engage with the device alignment feature, 

and 

the optical fiber (71) coupled to the connec- 

tor body, the optical fiber and the connector 

alignment feature having a defined posi- so 

tional relationship with respect to one an- 

other corresponding to the defined posi- 

tional relationship between the optical 

communications device and the device 

alignment feature. 55 

12. The integrated packaging system of claim 11, addi- 

tionally comprising a cover assembly including a 

cover (55) shaped to allow the connector alignment 

feature and the device alignment feature to engage 

with.one another. 

13. The integrated packaging of claim 12, in which the 

cover assembly additionally includes an alignment- 

insensitive opticai ejement. 

14. The integrated packaging system of claim 9 or 11, 

in which: 

the device alignment feature ( 43, 63) includes 

one of (a) an aligning member (63) extending 

from the first support element and (b) an align- 

ment recess (43) defined by the first support el- 

ement (30); and 

the connector alignment feature includes one 

of (a) an alignment recess (66) defined by the 

connector body, the alignment recess being 

shaped and dimensioned to engage with the 

aligning member extending from the first sup- 

port element, and (b) an aligning member ex- 

tending from the connector body, the aligning 

member being shaped and dimensioned to en- 

gage with the alignment recess defined by the 

first support element. 

15. The integrated packaging system of any one of the 

preceding claims, in which the mechanical support 

is electrically conductive. 

16. The integrated packaging system of any one of the 

preceding claims, in which the mechanical support 

is thermally conductive and operates as a heat sink 

for the optical communications device. 

17. The integrated packaging system of claim 16, in 

which the optical communications device is electri- 

cally insulated from the mechanical support. 

18. The integrated packaging system of any one of the 

preceding claims, in which the printed circuit board 

includes a flexible printed circuit board. 

19. The integrated packaging system of any one of the 

preceding claims, in which the second portion (27) 

of the printed circuit board includes an electrical 

connector (44). 

the packaging system additionally comprises a 

cover assembly (52) including a cover (55) 

comprising a device alignment feature (63); io 

and 

the cover is mechanically coupled to the first 

support element in a position at which the de- 

vice alignment feature and the optical commu- 

nications device have a predetermined posi- 15 

tional relationship with respect to one another. 
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ment feature (61). The cover is mechanically coupled to 

the first support element in a position at which the device 

alignment feature and the optical communications de- 

vice have a predetermined positional relationship with 

respect to one another. 
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